Context: Periodic assessment of knee extensor muscle strength and size is important for all ages to evaluate the functional status of individuals and to identify and treat those at risk for mobility problems and frailty; however, it is not fully understood whether these field-based simplified approaches correspond to evaluation in knee extensor muscle strength or size. Objective: To examine the relationship between field-based simplified evaluation approaches and knee extensor muscle strength or size in young women. Design: Experimental. Setting: University research laboratory. Subjects: A total of 62 university freshmen women volunteered to participate in this study. Main Outcome Measures: Knee extensor muscle thickness was measured at the anterior half of thigh length; muscle strength was measured when subjects performed knee extension. Field-based simplified approaches (sit-to-stand, standing long jump, handgrip, and upper leg 50% [thigh] girth) were also measured. Results: Maximal strength was correlated with thigh girth, handgrip, and standing long jump, but not with the sit-to-stand test. Muscle thickness was correlated with thigh girth and handgrip, but not with standing long jump or the sit-to-stand test. A stepwise multiple-regression analysis was calculated using the predictor thigh girth and standing long jump to predict knee extensor maximal strength (R 2 = .295). To predict knee extensor muscle thickness, the predictor thigh girth was calculated (R 2 = .202). Conclusions: Knee extensor muscle strength and size could be evaluated by the field-based simplified approaches, in particular by the thigh girth measurement, which may be a major determinant to maintain activities of daily living for healthy young women. However, the 4 field-based simplified approaches appear to be still not of high impact.
Maintaining high levels of lower limb muscle strength/size is important to prevent and delay the onset of disability, physical frailty, and dependency. [1] [2] [3] It is generally accepted that the loss of skeletal muscle strength and size with increased age, sarcopenia, is greater in the lower limbs than in the upper limbs (18-88 y 4 ; 20-89 y 5 ). In addition, recent studies have revealed that sarcopenia is muscle specific and that greater knee extensor muscle loss is found in older adults. [6] [7] [8] Therefore, periodic assessment of knee extensor muscle strength and size is important for all ages to evaluate the functional status of individuals and to identify and treat those at risk for mobility problems and frailty.
In the periodic and field-based simplified approaches, the handgrip strength measurement has been widely used in clinical practice for the assessment of muscle size or strength. [9] [10] [11] However, the handgrip strength is an objective measurement of the upper limb muscle 10, 12 ; therefore, the field-based simplified approaches for muscle size or strength should likewise be focused on the knee extensor muscles for lower limb muscle assessment. To date, the strength, size, or power for lower body and limb muscles has been frequently evaluated by the use of upper leg 50% girth, 13, 14 sit-tostand test, [15] [16] [17] or standing long jump measurements, 18, 19 because these measurements are also affordable, portable, simple, and time efficient. Recently, Yasuda and Ichikawa 20 reported that knee extensor muscle strength and size could be evaluated by the 4 field-based simplified approaches, in particular by the upper leg 50% girth measurement for healthy young men. On the other hand, a recent study 21 reported that the prevalence of sarcopenia was higher in women than in men in the young-old. This means that these simplified approaches may be particularly attentive for women. However, it is unknown whether these field-based simplified approaches correspond to evaluation in knee extensor muscle strength or size for healthy young women. Thus, the purpose of this study was to examine the relationship between field-based simplified approaches and knee extensor muscle strength or size in healthy young women.
Methods
A total of 65 Japanese university freshmen women (aged 18-25 y) were recruited through oral communications in a "Sports Practice" course at the School of Nursing in Seirei Christopher University. Before informed consent was obtained, a written description of the purpose of the study and its safety was distributed to potential subjects, along with a lifestyle questionnaire. All subjects were free of overt chronic disease (eg, diabetes, angina, myocardial infarction, cancer, and stroke) as assessed by medical examination report. In addition, musculoskeletal disease and knee joint surgery were also excluded in this study. As a result, 62 university freshmen women were used for data analyses. The principles of the World Medical Association Declaration of Helsinki and the American College of Sports Medicine Guidelines for Use of Human Subjects were adopted in this study. The study was approved by the ethics committee of the School of Nursing in Seirei Christopher University.
Abe et al 22 revealed that muscle thickness (MT) at the anterior thigh is strongly correlated with anatomical muscle cross-sectional area for knee extensor muscles (n = 52, r = .91, P < .01). Therefore, MT was measured using B-mode ultrasound (ProSound C3CV; Hitachi Aloka System, Tokyo, Japan) at the anterior upper leg (at 50% between the lateral condyle of the femur and the greater trochanter) on the right side of the body. 23, 24 After thigh length measurements using anatomic landmarks described previously, all measurement sites were marked with a marker pen and then midthigh girth (at 50% of thigh length) was measured using a tape measure. The measurement for MT was taken while the subjects stood quietly with their knees extended and relaxed. A linear transducer with a 10-MHz scanning head (5.5-cm length probe, ProSound C3CV; Hitachi Aloka System) was coated with watersoluble transmission gel to facilitate acoustic contact and to reduce pressure from the scanning head to achieve a clear image. The scanning head was placed on the skin surface of the measurement site using the minimum pressure required. The subcutaneous adipose tissue-muscle interface and muscle-bone interface were identified from the ultrasonic image, and the distance between the 2 interfaces was recorded as MT. Two images from the same site were stored, and the mean value was used for data analysis. The coefficient of variation (CV) of MT measurement from test to retest was 1.3%. The same investigator made all of the ultrasound measurements.
Maximum voluntary isometric contraction (MVIC) of the knee extensors was determined using a knee extension dynamometer (TKK 5710; TAKEI, Tokyo, Japan). The subjects were seated on a chair with their hip joint angle positioned at ∼85°(full extension: 0°). The ankle of the right leg was firmly attached to the strain gauge transducer with a chain strap (TKK 5002; TAKEI). After a warm-up consisting of submaximal contractions, the subjects were instructed to perform MVIC knee extension at a knee joint angle of ∼90°. Each subject underwent 2 trials, and the best value of the trials was used for analysis. The CV of MVIC measurement from test to retest was 3.1%. The same investigator made all of the MVIC measurements.
Handgrip strength was measured using a factory-calibrated hand dynamometer (TKK 5401; TAKEI). All subjects were instructed to maintain an upright standing position, arms at their side, holding the dynamometer in the right hand with the elbow extended at 180°without squeezing their arm against their body. The size of the dynamometer's handle was set to a position which the subjects felt comfortable while squeezing the grip. Each subject underwent 2 trials, and the best value of the trials was used for analysis. 25 The CV of handgrip strength measurement from test to retest was 4.2%.
All subjects were instructed to perform a long jump from a standing position. Standardized instructions were given to subjects that permitted them to begin the jump with bent knees and swing their arms to assist in the jump. 19 The length of 3-m hard surface mat (starting and 10-cm interval lines drawn; TOEILIGHT; Touyoutaiki, Kyoto, Japan) was used. The length of jump was determined using drawn lines and a tape measure. Each subject performed 2 trials, and the distance of the best jump was measured, to the nearest 1 cm, from the line to the point where the heel closest to the starting line landed. If the subject fell backward, the distance where the body part closest to the starting line touched the ground was measured as the jump's length. Each subject underwent 2 trials, and the best value of the trials was used for analysis. The CV of standing long jump measurement from test to retest was 2.4%.
A wooden molded chair (0.40 m height and 0.30 m depth) was used for the sit-to-stand test. The subjects were asked to stand up from a sitting position and then to sit down during 30 seconds as many times as possible. The subjects were instructed to stand up fully and to place their buttocks on the chair in a sitting position between repetitions. 17 The test started when the examiner said "Go" and stopped after 30 seconds. 15 Prior to the measurements, practice trials with submaximal effort were performed for positioning and learning of the task. Each subject performed 2 trials with an interval of at least 3 minutes between trials. The highest repetition score was adopted for the individual data. The CV of the sit-to-stand measurement from test to retest was 8.5%.
Results were expressed as mean (SD) for all variables. All data were analyzed using JMP software v.12.0 for Mac (SAS Institute Inc, Tokyo, Japan). Pearson product correlations of knee extensor MVIC or MT and the simplified approaches were also statistically quantified. A stepwise multiple-regression analysis (method of increasing and decreasing the variables, criterion was set at P < .05) was performed to predict MT or MVIC and physical characteristics (height and weight) and simplified approaches as factors. Consequently, the predicted variables, coefficients, and intercept coefficients were automatically picked out by the JMP software. Statistical significance was set at P < .05.
Results
The physical characteristics and field-based simplified approaches are shown in Table 1 . The correlation coefficients between knee extensor muscle strength or size and field-based simplified approaches are shown in Table 2 . There were significant correlations between knee extensor MVIC and upper leg 50% girth (P < .01), handgrip (P < .01), and standing long jump (P < .01), but not for the sit-to-stand test (P = .42) ( Table 2 ). There were significant correlations between knee extensor MT and upper leg 50% girth (P < .01) and handgrip (P = .01), but not for the standing long jump (P = .09) or the sit-to-stand test (P = .88) ( Table 2) .
A stepwise multiple-regression analysis was calculated to the predictor upper leg 50% girth and standing long jump to predict knee extensor muscle strength (MVIC = 0.659 × upper leg 50% girth + 0.114 × standing long jump − 19.51; n = 62, R 2 = .295, Assessment of Knee Extensor Muscle StrengthP < .01). To predict knee extensor MT, the predictor thigh girth was calculated (MT = 0.053 × upper leg 50% girth + 1.984; n = 62, R 2 = .202, P < .01).
Discussion
The main findings of this study were as follows: (1) knee extensor MVIC was correlated to upper leg 50% girth, handgrip, and standing long jump, and knee extensor MT was correlated to upper leg 50% girth and handgrip, and (2) upper leg 50% girth can predict both knee extensor MVIC and MT in healthy young women. In general, previous studies reported the relationship between handgrip strength and knee extensor muscle strength/size for middle-aged and older adults. [26] [27] [28] In this case, the handgrip strength is closely correlated to knee extensor muscle strength, regardless of age. 27, 28 A recent study discussed the question of whether or not the handgrip strength is a crucial tool as the knee extensor muscle strength and size for healthy young men. 20 Furthermore, in a stepwise multiple-regression analysis, handgrip strength could not predict even knee extensor muscle MVIC in the present study. Taken together, these findings suggest that the handgrip strength may be particularly beneficial for evaluating the knee extensor muscle strength for middle-aged and older adults, but not for young men and women.
Our findings showed that upper leg 50% girth was a major contributing factor to knee extensor muscle strength or size in healthy young women. This result was similar to that of a previously reported study for healthy young men. 20 Previously, some other studies have reported that upper leg 50% girth was not correlated with knee extensor muscle strength or size; therefore, these should not be used as indicators. 29, 30 This discrepancy might result from the different gender group used in the previous studies compared with our study. All subjects in the present study were women, whereas the previous studies had included both men and women (healthy subjects or patients). 29, 30 Consequently, our results suggested that, for healthy young women, upper leg 50% girth measurement rather than handgrip strength test was a useful method for evaluating both knee extensor muscle strength and size.
In the present study, a stepwise multiple regression analysis was applied to the predictor standing long jump to predict knee extensor muscle strength, but not muscle size. This result was similar to that of a previously reported study for healthy young men. 20 Whereas, another previous study reported that the standing long jump was related to leg press, but not to knee extensor muscle strength. 31 In a linked-segment analysis and inverse dynamics methods study, 18 the contributions of hip, knee, and ankle muscles were 45.9%, 3.9%, and 50.2% for the standing long jump. In addition, the standing long jump test is an indicator of muscle power of the lower body, 18, 19 but it is difficult for older adults or for knee joint pain patients to perform this action due to the extreme pressure on the knee joint. Taken together, it appears that the standing long jump is limited to the evaluation of knee extensor muscle strength only for healthy young men and women. Furthermore, the standing long jump requires paying attention to the motor skill performance and the contribution of lower-extremity joint strength.
Previous studies reported that the sit-to-stand test can be a convenient measurement for assessment of the age-related decline in the knee extensor muscle strength, but not in the muscle size for older adults. 15, 17 However, there was no significant correlation between the sit-to-stand test and knee extensor muscle strength or size for young women as with young men. 20 The CV tended to be lower in young individuals (13.7% for men 20 and 20.6% for women) compared with previous studies in older adults (26.0% for older adults, 15 19.2%-41.8% for older adults 17 ), indicating that there was great variability in the sit-to-stand test capability among studies (young individuals vs older adults). Furthermore, the testretest reliability of the sit-to-stand measurement was poor compared with other measurements in this study. It can be speculated that the sit-to-stand test provides a reasonably reliable and valid indicator of knee extensor muscle strength in older adults, but not in young individuals regardless of gender.
The limitation of this study should be discussed. As the subjects were Japanese university freshmen women, the age distribution and the physical characteristics were very limited. Additional research is needed to address this issue.
Conclusions
Our results indicated that knee extensor muscle strength and size could be evaluated by the field-based simplified approaches, especially for the upper leg 50% girth measurement, which may be a major determinant to maintain an active life for healthy young women. However, the 4 field-based simplified approaches appear to be still not of high impact. Abbreviations: MT, muscle thickness; MVIC, maximum voluntary isometric contraction. Note: N = 62. *P < .05. **P < .01. ***P < .001.
